Introduction
China and India have performed a remarkable economic growth. Among countries with at least 10 million people in 2003, China and India have had a rapid economic growth since 1980. From 1980-1990, China's Gross Domestic Product (GDP) grew on the average of 10.3 percent per year, while India's GDP grew on the average of 5.7 percent per year (World Bank 2006) . The high rate of growth continued subsequently from 1990-2000 and 2000-2004. China's GDP grew on the average of 10.6 percent and 9.4 percent during the later two periods, respectively; meanwhile, India's GDP grew on the average of 6.0 percent and 6.2 percent, respectively. China's share in the global GDP increased significantly from 1.63 percent in 1990 to 4.68 percent in 2004, while India's share increased slightly from 1.46 percent in 1990 to only 1.67 percent in 2004. One of the explanatory reasons for the high growth is the increase in openness of the international trade policies conducted extensively by both China and India. Other reasons are the improvement of health and life expectancy, elevated labor force per capita due to the declining fertility rates and dependency ratios (Bloom et al. 2006) .
China and India have significant roles in international trade and increasingly integrating themselves with the world economy. The World Trade Organization (WTO) (2005) notes that China's share in the world merchandise export and import increased dramatically from 1.2 percent and 1.1 percent in 1983 to 6.7 percent and 6.1 percent in 2003, respectively. Meanwhile, India's share in the world merchandise export and import increased modestly from 0.5 percent and 0.7 percent in 1983 to 0.8 percent and 1.1 percent in 2003, respectively. An indicator commonly used to describe the integration level of a specific country is the share of export and import of goods and services in GDP formation. China's and India's sustainable and high economic growth and intensive integration with the world economy have caused dramatic increases in the Asia's share of world exports and raw material consumption. In the case of China, this country has encouraged intra-regional trade in East Asia through the component and parts industry (Athukorala and Yamashita 2005; Ng and Yeats 2003) . Urata (2006) finds that India's exports to East Asia and India's imports from East Asia increased from 22.3 percent for 1990-1994 to 23 percent for 2000-2004; and from 16.6 percent for 1990-1994 to 21.7 percent for 2000-2004, respectively . Given the large size of Chinese and Indian economies and their specific patterns of demand, the changes in their supply and demand structure have much larger impacts on the composition of world trade than those of the other late industrialized economies in Asia during their economic ascent (UNCTAD 2005) . China and India are geographically large and neighboring emerging-market economies (EMEs), which are increasingly distinguished as two-up-and-coming economic powers (Das 2006) . The impacts of China's growth on international product markets and global trade flows have been already apparent.
Given the strong integration with the world trade and their size of economy, it is interesting to analyze the shifts in the patterns of comparative advantages of China and India. This paper aims to answer some crucial questions. First, what sorts of exported groups of products in which China and India have comparative advantages? Second, how far have the patterns of comparative advantages of China and India shifted? Third, has the India's pattern of comparative advantages followed a sequence change in similar way to that of China? This paper is organized into several parts. Part 2 describes the literature review. Part 3 exhibits the methodology. Part 4 shows the calculation results and analysis. Finally, some conclusions and future implications are presented in Part 5.
Literature Review
Globalization, liberalization, economic integration, bilateral and multilateral trade agreements (BTA and MTA) have encouraged international strategic alliances conducted by countries. Trade liberalization not only offers opportunities for the export development but also carries more competitive environment in the international, regional and domestic markets. Parallel to the integration process in the world market, a critical issue on the country-specific specialization and the dynamic shifts in comparative advantage patterns emerges. Isogai et al. (2002) , James and Movshuk (2003) , Ng and Yeats (2003) , Roland (2003) , Hinloopen and Marrewijk (2001; , Batra and Khan (2005) , and Wörz (2005) have examined the issue.
The issue of dynamic specialization and convergence of trade patterns are important to economic policy and to the countries' competitiveness for some reasons (Aiginger 1999) . First, as far as the diversity of exported products is concerned, specializing only in limited groups of products might increase risks for the economy. If a country merely specializes in a limited numbers of exported products, the country might have some domestic problems when there are any international shocks in those products. For example, Indonesia, which had merely relied on its exports on oil, had fiscal problems in the early 1980s when the price of oil declined sharply since revenue from oil sectors is the main government revenue. Second, the economic integration can enhance efficiency and competitiveness because of the searching of countries' specialization, taking the advantage of scale economies, deepening the division of labors, decreasing in the transport costs, etc.
There are many researches analyzing the specialization and convergence of industrial structure. For example, Krugman (1991) finds that manufacturing is more regionally concentrated in the U.S. than in Europe. Some other researches are summarized in Table 1 . Related to the issue of structural convergences across countries and in parallel direction with the integration process in the world market, a crucial question on the dynamics of countries-specific specialization is arising: how far have the specialization and convergence of comparative advantage of India and China been going on? With many countries and industries, as well as the different initial distributions of exports and imports across countries and industries in the Asian region, different outcomes might be possible. Aiginger (1999) and Wörz (2005) state four possible combinations between the trade specialization and convergence in the trade patterns. All of which are depicted in Figure 1 -i.e. more-specialized together with diverging in the trade patterns (Case 1); less-specialized together with converging in the trade patterns (Case 2); more-specialized together with con- First, Case 1 takes place if countries in the region increasingly exploit their comparative advantages, and then reinforce their patterns of specialization accordingly. This is likely to happen if the specialization is mainly induced by the absolute advantages. For example, one country in the region exploits its oil as the main exported products; in contrast, the neighboring countries have no oil. This country then will have an increasing in its specialization and divergence in the trade patterns. Case 2 occurs in a parallel direction with the rising importance of intra-industry trade (IIT), 1 and it is often observed for the homogenous trading partners in an advanced stage of development. Third, an example for Case 3 is that a dramatic increase in demand for computer equipments might cause specialization in the production of these products by countries that initially showed a weak specialization in different industries such as textiles, food, furniture, etc.
Fourth, Case 4 may happen, for example, if one furniture-producing country immediately shifts part of its production into the information and communications technologies sector, while another electronic producers move toward transportation sector. Which cases do China and India lay in-Cases 1, 2, 3 or 4? Are they becoming less specialized or more specialized? Are their patterns of comparative advantage becoming more similar (convergent) or more different (divergent)?
Methodology

Data
This paper uses data on trade statistics published by the United Nations (UN), namely the International Trade Statistics Yearbook (ITSY) and the United Nations Commodity Trade Statistics Database (UN-COMTRADE). This paper uses 3-digit the Standard International Trade Classification (SITC) Revision 2. For comparison purposes, this paper focuses on 231 groups of products 3-digit SITC which 1 IIT occurs when a country is both exporting and importing items in the same product classification category. In contrast, inter-industry trade happens when a country's exports and imports are in different classification category. Grubel and Lloyd (1975) mentioned several possible explanations for the occurrence of IIT, such as: product differentiation, transport costs, dynamic economies of scale, degree of product aggregation, differing income distribution in countries, and differing factor endowments and product variety.
are covered in the ITSY 2003.
2 Data on total world exports is obtained from the ITSY 1988 ITSY , 1993 ITSY , 1998 ITSY and 2003 Meanwhile, data on China's exports and India's exports are taken from the UN-COMTRADE.
Revealed Symmetric Comparative Advantage (RSCA)
There are many ways to scrutinize whether a country has comparative advantage for a specific product. One common method to determine how specialized a country in the production of a product is by calculating Revealed Comparative Advantage (RCA) index (Balassa 1965; .
2 The index examines the proportion of a good produced or exported. The formula to measure a country's RCA index is expressed as follows: Where:
RCA ij = revealed comparative country j for group of products (SITC) i x ij = export value of group of products i by country j Σ X ij = total export value of country j x iw = export value of group of products i of the world (w) (SITC 971) . The exclusion is taken for some reasons. First, data on the world exports of those products is not reported in the ITSY. Some countries did not report their exports on those products and the others submitted the poor reports and insufficient explanation of estimates (UN, 1988 (UN, -2005 . Second, it is not realistic if there is a country exporting a product (SITC) but the world does have exports on it, whereas the country is a subset of the world. Third, the Revealed Symmetric Comparative Advantage Index employed in this paper is obviously not defined when there is no data on the world exports. As explained in the next subpart, the index is a ratio of a country's share of exports (numerator) and the world's share of exports (denominator). The ratio is not defined when the denominator is zero. 3 See Balance et al. (1987) for a good discussion about indicators of comparative advantage.
The numerator represents the domestic percentage share of export value for a specific group of products i in the domestic total export value. The denominator represents the world's percentage share of a specific group of products i in the world total exports. The index, thus, contains a comparison of national export structure (the numerator) with the world export structure (the denominator). The values of the index are between zero and infinity (0≤RCA ij ≤∞). The RCA ij greater than one implies that country j has comparative advantage in group of products i. In contrast, the RCA ij less than one means that country j has comparative disadvantage in group of products i. Since the RCA turns out to have values, which cannot be compared on both sides of one, the index is made into a symmetric index. The new index is called Revealed Symmetric Comparative Advantaged (RSCA) that is formulated as (Laursen 1998) : (2) The RSCA ij index ranges from minus one to one (or -1≤RSCA ij ≤1). The interpretation of the RSCA is similar with that of the RCA. The RSCA ij greater than zero implies that country j has comparative advantage in group of products i. In contrast, RSCA ij less than zero means that country j has comparative disadvantage in group of products i.
Correlation of Comparative Advantages
This paper applies statistical hypothesis test procedure of correlation on the Revealed Symmetric Comparative Advantage (RSCA) to examine shifts in the pattern of comparative advantages. The degree of linear association between two series of RSCA can be compared by analyzing the Spearman's rank correlation coefficient that is given as follows ( Gujarati 2000): -Across periods (1988, 1993, 1998 and 2003 are years (1988, 1993, 1998 or 2003) The values of Spearman's rank correlation coefficients range from minus one (a perfect negative linear relationship) and one (a perfect positive linear relationship). First, to analyze the dynamic shifts in the pattern of comparative advantages in India and China separately, the correlation coefficient across periods (Equation 3) is applied. The correlation coefficient closer to minus one (-1) implies that the shift in comparative advantages is 'more dynamic.' In contrast, the correlation coefficient closer to one (1) implies that the shift in comparative advantages is 'less dynamic.' Second, the correlation across countries, China and India, is also calculated (Equation 4). Higher and positive value of Spearman's rank correlation coefficient indicates more similar pattern of comparative advantage (competition) between the two countries. In contrast, lower and negative value of Spearman's rank coefficient implies stronger dissimilarity in the pattern of comparative advantages (complementary).
Results and Analysis
Internationally, traded products are classified according to the Standard International Trade Classification (SITC). There are nine headlines 1-digit in the SITC categories: 0 Food and live animals; 1 Beverage and tobacco; 3 Crude materials, inedible, except fuel; 3 Mineral fuels, lubricants and related materials; 4 Animal and vegetable oils, fats and waxes; 5 Chemical and related products nes.; 6 Manufacturing goods classified chiefly by material; 7 Machinery and transport equipment; 8 Miscellaneous manufactured articles; 9 Commodities and transaction not classified elsewhere.
It is possible to subdivide further these categories into their sub components: 2-digit SITC; 3-digit SITC; 4-digit SITC and so on. These more detailed breakdowns are important, as there are a number of quite diverse categories within each of the broad SITC headings. 
Leading Exported Groups of Products
The meaning of 'leading exported groups of products' can be seen from two different points of view. First, from the domestic point of view, the leading exported groups of products can be defined as groups of exported products that can yield bigger amount of foreign exchanges for the domestic economy. From this point of view, the higher share of a specific group of products in the total exports value, the bigger its contribution for the domestic economy will be. wholly or chiefly or textile materials, nes (SITC 658) and iron ore and concentrates (SITC 674).
Second, from the international competition point of view, leading exported groups of products can be defined as groups of products that can compete internationally. A specific exported group of products becomes leading exported group if its share in the total world export value is relatively dominant. It might be possible that a specific group of products is not significant as a foreign exchange creator but it can compete internationally. kinds of exported groups of products, it might be said that the top-ten China's exports were dominated by manufacturing sector (1 digit SITC 7 and 8). Meanwhile the top-ten India's exports were slightly dominated by primary products (1-digit SITC 0 and 2).
Shifts in the Pattern of Comparative Advantages
The countries' comparative advantages are not static but dynamic. Theoretically, specialization based on comparative advantage under free trade changes the (endogenous) rate of productivity growth in sectors in the economies. Productivity levels determine comparative advantage and affect the allocation of labor (resources) between sectors in the economies. This sequentially determines relative rates of productivity growth, and thereby feeds back to shape the evolution of productivity levels over time. In this way, current comparative advantage is endogenously determined.
Considering comparative advantage in the models of economic growth and trade has led a number of authors to speak in term of 'dynamic comparative advantage '. Redding (2004) notes that comparative advantage is endogenously determined by past technological change, while simultaneously shaping current rates of innovation. The dynamic of comparative advantage might be caused by the role of input trade (Jones 2000) ; friction in international trade and investment flows due to geography, institutions, transport, and information cost (Venables 2001) ; the transmission of knowledge across borders (Grossman and Helpman 1991) ; technological differences across border (Trefler 1995) and monopolistic competition in differentiated products with increasing return to scale (Krugman 1979) .
China and India are believed to have different dynamics in their comparative advantage. The rapid growth in the exports of manufactured goods is the cause of countries' comparative advantage. Martin and Manole (2004) find that there are significant differences of export growth in low-technology products, medium-technology products and high-technology products between China and India for the period 1981-2001. Table 4 shows the China and India's top-ten groups of products with the highest RSCA index in 1988 and 2003. In term of the number of newcomers in the top-ten list 2003, China and India had eight and three new products listed in 2003, respectively. In the top-ten groups, the shift of comparative advantages of China had been more dynamic than that of India. If we compare the value of the RSCA index, the India's RSCA indexes of the top-ten groups of products are much higher than the China's ones. In 2003, the India's RSCA indexes of the top-ten products ranged from 0.770 to 0.883; meanwhile, the China's RSCA indexes of the top-ten products ranged from 0.627 to 0.856. Table 4 only shows structural change in the pattern of comparative advantages within the top-ten list. The next question is about how is the general structural change of comparative advantages? It is not confirmed that there is a structural change in the pattern of comparative advantages by only looking at the comparative advantages within the top-ten. This paper applies the Spearman's rank correlations on RSCA across periods (1988, 1993, 1998 and 2003) to separately scrutinize the structural change of China and India's patterns of comparative advantages (as described in equation 3 in the case of China, similar logic is also applied for India). Exports structure as well as the path and prospects of economic development in a country are likely to be closely related. The country might have a linear structural change in the economic development starting from agricultural sector basis to manufacturing sector basis and even further to service sector basis subsequently (Todaro 2000) . As far as the patterns of comparative advantage are concerned, it might be argued that the advanced countries will have a less dynamic structural change in their comparative advantage due to the domestic full employment if it is compared with that of the less developed countries. Hence, the comparative advantage and steadiness of the pattern seem to be in the parallel direction with the prosperous development (Wörz 2005) . As emerging countries, it is theoretically believed that China and India will try to raise their comparative advantages and to specialize in products with higher comparative advantages. Table 6 shows the statistics of China's and India's RSCA index, including mean, median, standard deviation, coefficient of variation and skewness. Meanwhile, Table 7 summarizes statistical tests on the difference of means across periods. In the case of India, the increases in averages of comparative advantages are statistically significant at 1 percent level of significance.
Meanwhile in the case of China, although there is an increase in the average of comparative advantages in 1993 and 1998, the increase is statistically insignificant. By similarly comparing the average comparative advantages in 1993 and 2003, there is an increase in the comparative advantages but the increase is statistically insignificant. From this statistic test, it can be noted that India has a steady and significant increase in the average of comparative advantage for 1988-2003. China has a significant increase for 1988-1993 and a significant decrease for 1998-2003. (Table 6) . They imply that China and India become concentrated in products with lower comparative advantage in 1988. It can be seen clearly in 1988 from the high frequency of products with low level of comparative advantages in both China and India. It is interesting to compare the shift of patterns of comparative advantages. The distribution of China's comparative advantages shifts quickly to become more specialized on the higher comparative advantage products (shown by smaller skewness) in 1988-1993, but it is slow in 1993-2003. In contrast, the distribution of the India's comparative advantages shifts slowly to become more specialized on the higher comparative advantage products (shown by smaller skewness) in 1988-1998, but it is quick in 1993-2003. Notes: *, **, *** is significant at the 0.01, 0.05 and 0.1 levels (2-tailed), respectively. Source: The ITSY and UN-COMTRADE, author's calculation. 1988 , 1993 , respectively. I_RSCA88, I_RSCA93, I_RSCA98, and I_RSCA2003 denote India's Revealed Comparative Advantage for 1988 , 1993 
Relevance of the Trade Liberalization Evolution
The shifts in pattern of comparative advantages are very closely related with the evolution of trade liberalization in India and China. The importance of liberalizing trade policies for pro-faster growth of GDP and trade in the case of China and India is clearly understandable. In the late 1970s, the level of protection was high and international trade was centrally controlled. In the case of India's manufacturing sector, for example, Aksoy and Ettori (1992) find that some 210 effective protection rates (ERP) from various sources which are grouped into 16 product categories are generally high (such as: edible oils 85 percent, cotton yarns 52 percent, synthetic textiles 100 percent, heavy chemicals 68 percent, synthetic fibers/resins 162 percent, iron/steel products 72 percent, casting/forging 72 percent, non-electrical machinery 64 percent, electronic and parts 92 percent). Throughout the fastgrowth period, China and India have been more and more opening up their economies and integrating them with the world economies. To some extent, the success of China and India's domestic policies are affected by the policy regimes. China has faster approach in opening up domestic market than that of India.
In 1980s (Panagariya 2006) . Foreign-invested companies (joint venture or wholly foreign owned) are also given the rights to have their foreign trade. Some policies are established following the decentralization of trade such as revision of the exchange rate trough devaluation, incentive for export, establishment of a system of rebating the value added, custom duties paid on inputs used in exports, and duty drawback. The Special Economic Zones (SEZs) and Open Cities also provide competitive environment for doing business (Das 2006; Srinivasan 2006) . All of those trade reforms have significantly affected exports and imports in the late 1980s (as depicted in Figure 3) . The India's basic regime for any product is licensing. In 1979, India established a system that classified products not domestically produced into three categories, i.e. Open General Licensing (OGL), Banned, and Restriction items. Products not in the OGL list are categorized into Banned or Restriction items. Even then, only input not produced at home had been liberalized. India undertakes piecemeal liberalization during the 1980s (Das 2006) . It includes elimination of the share of canalized products from 67 percent in 1980-81 to 27 percent in 1986-87; expansion of OGL from 5 percent in 1980-81 to roughly 30 percent in 1987-88, relaxation of industrial controls, setting exchange rate in the more realistic levels (Lardy 2002) .
Some policies introduced to promote export include a passbook scheme for duty free imports for exporters; increase in the business income tax deduction to 4 percent of net foreign exchange realization plus 50 percent (raised to 100 percent in 1988) of the remaining profits from exports; reduction in the interest rate on export credit from 12 to 9.5 percent; faster processing of export credit and duty drawback; upward revision of the rates of Cash Compensatory Support (CCS) for offsetting internal taxes; international Price Reimbursement Scheme for raw materials for all major export sector (i.e. exporters are effectively offered international prices on internationally traded goods even when such inputs are purchased domestically); permission to retain 5-10 percent of foreign exchange receipts for export promotion; duty free capital goods imports for exporters in 'thrust' industry; full remission of excise duties and domestic taxes (Panagariya 2006) . All of these policies along with the depreciation of the real exchange rate play an important role in the growth in export, which is observed in the second half of the 1980s as shown by 
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However, the later is gradually catching up. India abandoned the importlicensing regime before China did. In fact, India has abolished licensing on imports of consumer goods. India is nearly license-free and relatively liberal in industrial products. The current tariff rates in India and China are almost relatively similar now. Export and import expansions have tremendously occurred since 1999 as presented by Figure 3 . As mentioned in the previous subpart, the overall China's comparative advantage decreased for 1999-2003 . A country with a very rapid expansion in exports might frequently experience decrease in the comparative advantage because there are many shifts in the pattern of comparative advantages.
Patterns of Comparative Advantage: Convergence or Divergence
China and India start their trade liberalization in almost relatively the same period. Different approaches of the trade liberalization have been implemented in both countries. In the beginning of the liberalization, China is more progressive than India. Therefore, it might be believed the India's pattern of comparative advantages is left behind compared with that of China. 
Concluding Remarks and Future Implications
This paper comparatively analyzes shifts in the pattern of comparative advantages and discusses the evolution of the trade liberalization in China and India, which cause the shifts. Some conclusions are established. First, there were significant shifts in the patterns of comparative advantages from 1988-2003. The China's structural shifts are more dynamic than that of India. From the top-exported groups of products, the domination of the manufacturing sector appears in China is evident, but in India it is the natural resource based sector which is obvious. Second, as emerging countries, China and India have significantly increased their comparative advantages and specialization of export. The India's comparative advantage increased steadily and significantly during 1988-2003. In the case of China, it increased during 1988-1999 but decreased during 1998-2003. The shifts in comparative advantage are closely related with the evolution of trade liberalization. In comparing the trade regimes of the two countries, China is more open than India in industrial products, but the later is steadily catching up. Third, the pattern of India's comparative advantages has positive linear association (similarity or competition) with that of China. However, the similarity level of the pattern of comparative advantages decreases. From 1988-2003, China and India had different direction of shifts in the pattern of comparative advantages that were more complement each other.
As two important hubs of international trade in the Asia region (India in South Asia and China in East Asia), the different shifts in patterns of comparative advantages will bring future complementary relationships among countries in the region. Although the Association of South East Asia Nations (ASEAN) countries (especially Singapore) and Japan are still the dominant trade partners for India, for the last ten years (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) 
